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Macrophages play an important role in various biological phenomena, such as
immunoresponsiveness (1-3), nonspecific defence against infections or tumors
(4-10), and lipid metabolism (11, 12) . Macrophages are characterized by
powerful phagocytic activity and the complex enzyme equipment of their
lysozomes . These cells have been grouped by Aschoff and Kiyono in the
reticuloendothelial system (RES) .' The phagocytic activity of the group of RE
macrophages, in contact with the circulating blood, can be measured from the
rate of blood clearance of colloidal carbon particles injected intravenously (13,
14) .
The majority (about 90%) of those macrophages are located in both liver and
spleen . The basic phagocytic activity of this group of macrophages is fairly
constant in different animal species when corrected by the relative mass of liver
and spleen (15) . Small variations of the phagocytic activity of RE macrophages
have been observed in different inbred strains of mice (6, 16) . Recent observa-
tions have demonstrated that these small variations are submitted to genetic
control (17) .
The phagocytic activity of RE macrophages can be strongly activated by
administering different bacteria or bacterial products (4, 5, 10, 18-20), lipid
emulsions (21, 22), and hormones (23, 24), Among bacteria, Mycobacterium
tuberculosis (BCG strain) and certain corynebacteria (C . paruum) are the most
active in stimulating RE macrophages . Responsiveness of macrophages to C.
paruum and BCG is submitted to genetic control (20) . Nevertheless, an attempt
to separate "high" and "low" lines of mice for the character "macrophage
responsiveness to BCG" was unsuccessful (16) . On the contrary, it was possible to
separate, by selective breeding, high and low responder lines of mice to the
stimulatory effect of glyceryl trioleate (triolein) . Preliminary results of this
selective breeding experiment, carried out on eight consecutive generations,
have already been reported (20) .
`Abbreviation used in this paper: h 2 , heritability ; R, response to selection ; RES, reticuloendo-
thelial system ; S, selection differential ; T, triolein .
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The selective breeding, continued for 26 generations, produced a very marked
interline separation of the character investigated . In the present article, a
complete genetic analysis of the character "responsiveness of macrophages to
stimulatory effect of triolein" is reported .
The phagocytic activity of RE macrophages was measured by the phagocytic
index K after administration of triolein (T). Therefore, high and low responder
mice were designated as KTH and KTL respectively . The responsiveness ofRE
macrophages to triolein is a polygenic character . The heritability (h2) of this
character is rather low: about 12% . The genetic analysis indicates that the
character investigated is determined by the cumulative action of about 27
independently segregating loci . The distribution of the character estimates
among (KTH x KTL)F, and their backcrosses with both parental lines shows
that low responsiveness is dominant .
Materials and Methods
Selective Breeding .
￿
The foundation population was composed of 25 male and 25 female adult
random bred albino mice obtained from several commercial breeders . The selective breeding was
made for the phenotypic character "macrophage responsiveness to triolein" measured by the
phagocytic index K . Two lines of mice were separated : the high responders KTH and the low
respondersKTL. At each generation, 5-6 pairs of each line were selected out of a population including
20-40 animals . The mice were weaned when 30 days' old . The stimulation of RE macrophages by
triolein was measured approximately 40-60 days after weaning. Brother-sister mating and interline
crossing were excluded during the selective breeding .
Genetic Analysis .
ESTIMATION OF HERITABILITY .
￿
The realized h, of the character was measured according to Falconer
from the formula h, = R/S where R is the response to selection and S represents the selection
differential (25) .
CALCULATION OF THE NUMBER OF LOCI .
￿
The number of independently segregating loci determining
the character (n) was estimated as per the formula
1 R' n----
S VA
where VA is the additive variance .The additive variance is calculated from the phenotypic variance
of the foundation population multiplied by the h, . Fora correct interpretation of the results, within
the unavoidable limitations inherent in this method, see Falconer (25) .
ESTIMATION OF DOMINANCE . The global dominance of the character is expressed by the ratio :
VD/VA where VA is the additive variance and VD is the dominance variance . This ratio can be
calculated by comparing the F, values with the mean values of the parental lines according to the
following formula, described in detail by Cavalli-Sforza and Bodmer (26) :
VD - 1
12
(KTH + KTL) - F,~ 2
VA
￿
2 ~
￿
1(KTH - KTL)
2
Due to the fluctuations ofK in successive generations, the means of the values established in the 25th
and 26th generations were used to express KTH and KTL values .
Measure of the Phagocytic Activity ofRE Macrophages .
￿
The phagocytic indexK wasmeasured308
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48 h after administration of triolein, from the rate of blood clearance ofS mg/100 g of colloidal carbon
injected intravenously (Colloidal carbon preparation 1431/a Gunther Wagner, Hanover, Germany) .
The phagocytic indexK was calculated, as previously described, from the formula :
K - LogoC - LogoC,
t'-t
where C and C' are the blood carbon concentration expressed in mg/100 ml of blood, respectively at
the times t and t', expressed in minutes, after the intravenous injection of colloidal carbon (14) . In
some experiments, a more detailed study of the RE macrophages activity was performed by
calculating the corrected phagocytic index a = ' K (W/WLS) (W is the body weight and WLS the
weight of liver and spleen) . The corrected phagocytic index a expresses the macrophage activity fora
constant weight of liver and spleen (13) .
Preparation of 71riolein Emulsion.
￿
5 ml of pure glyceryl trioleate were added to 0.33 ml of Tween
20, then emulsified, using an ultraturax disperser, in 45 ml of 5% aqueous solution of glucose . The
emulsion was prepared just before it was intravenously injected (0 .2 ml of the emulsion per 20 g of
body weight).
Results
Separation of KTH and KTL Lines . The basic phagocytic activity of RE
macrophages, measured in a group of 30 untreated mice of both sexes, of same
origin as the foundation population, gave the following values : K = 0.019
0.005, a = 4.8 zE 0.6 ; liver/20 g = 1.027 mg zL 70, spleen/20 g = 90 mg zi~ 30 . No
significant sex difference was found in the normal phagocytic activity of
macrophages .
The maximal stimulation of macrophage phagocytic activity is produced 48 h
after the administration of triolein (21) . In Fig . IA are represented the individual
values of K established, 48 h after triolein injection, in the 25 males and 25
females constituting the foundation stock from which the selective breeding was
initiated. In this case, a sex effect is evident: the mean response to stimulation in
females is about two times higher than in males. For each sex a considerable
individual variation is observed .
These phenotypic variations reflect different genotypes since the selective
breeding for triolein responsiveness has proved successful . The value of the
phagocytic index K, 48 h after triolein injection, is the phenotypic character
chosen to carry out the selective breeding . Due to a scale effect, the frequency
distribution curve of K value is skewed . However, a symmetrical frequency
distribution can be obtained when K is expressed in natural logarithms (Fig .
1 B) . Therefore, the genetic analysis will be made using log n of (K x 1000) .
In Fig . 2 are represented the mean values of K, established inKTH and KTL
mice during the selective breeding carried out for 26 consecutive generations.
Considering the sex effect, males and females data have been represented
separately . In both sexes, the genetic selection was successful, as shown by the
progressive separation of high and low responder lines (Fig . 2) . Considerable
fluctuations of the K levels in successive generations are evident . These
fluctuations are due to environmental factors that will be discussed later on . It
should presently be noticed that these fluctuations are roughlyparallel in the twoFIG. 1 .
￿
Variations of responsiveness to stimulatory effect of triolein in the foundation stock .
(A) Individual K values of the 25 d and 25 q constituting the foundation population . (B)
Frequency distribution of logn (K x 1,000) values ofthesame animals .
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FIG. 2 . Progressive separation of KTH and KTL lines during 26 generations of
selective breeding. The dotted lines indicate the mean values of unstimulated mice . Vertical
bars indicate standard deviation .
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lines and thus they do not interfere with the calculation of interline divergence
produced by selective breeding .
The values of standard deviations indicated in Fig . 2 show that the interline
difference was noticeable after five generations . At the 10th generation, the two
lines are completely separated without overlapping. The interline separation
increases progressively afterwards .
The genetic selection has increased the responsiveness of macrophages to
triolein in F28 KTH mice of both sexes as compared with the foundation
population . A still greater effect was produced in the decrease of responsiveness
in KTL line . In fact, from F onwards, KTL mice are completely refractory to
the stimulatory effect of triolein . In these generations theK values are oftenlower
than those established in conventional untreated mice (dotted line) . The
physiological significance of this finding will be discussed later (see Tables IIand
III) . The importance of the modifications produced by genetic selection in the
phagocytic activity of macrophages may be better appreciated in Fig. 6 and
Table III where the K values are indicated without transformation into n log
values .
In Table I is reported a statistical analysis demonstrating the efficiency of the
genetic selection in separatingKTH andKTL lines . In this table, the total range
of interline divergence is expressed in three ways : as a percentage of the initial
population mean, in terms of the phenotypic standard deviation in the
foundation population and in terms of the standard deviation of breeding value
(i.e . the square root of the additive variance, VA, calculated as mentioned in
Material and Methods) .
The divergence between KTH and KTL mice of the 26th generation is about
five times the standard deviation of the initial population . This difference is
about 14 times the square root of the additive variance . A comparable efficiency
of selective breeding has been reported by Falconer in his model of genetic
selection for the character body weight at 6 wk in the mouse . In this case, the
TABLE I
Analysis of the Efficiency of the Response to Selection
Sex
Male
Female
* Divergence between KTH andKTLF divided by : x, the mean of the foundation population ; SP,
the phenotypic standard deviation of thefoundation population ; SA, the square root of the additive
variance (VA) of the foundation population (VA = VP x h,) .
Interlinedivergence total
range/foundation population*
Population Logn (K x 1,000)
'x SP SA
KTHF 4.66 t 0.51
Foundation 3.78+0.51
P < 0.05
0.77 5 .7 16 .2
KTLF 1 .75
P < 0.001
t 0.34
KTHF, e 4.87 t 0.44
Foundation 4.35+0.64
P< 0,01
0.61 4 .1 12
KTLF 2.24
P< 0.001
t 0.25Genetic Analysis ofKTH and KTL Mice .
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response to selection was asymmetrical, namely, more pronounced downwards,
as here-reported (Fig . 2, Table 1) .
The continuous variations ofK in the foundation population (Fig . 1 A) and the
progressive separation ofKTH and KTL lines during the selective breeding (Fig .
2) clearly indicate that the character investigated is submitted to polygenic
regulation .
ESTIMATION OF REALIZED HERITABILITY OFTHE CHARACTER.
￿
According to Falconer,
the ha measures the percentage of superiority of the parents selected at each
generation, that is transmitted to their progeny . The difference between the
parents chosen and the mean of their generation is expressed by the selection
differential S, which is a measure of the genetic pressure exerted by the selection .
The response (R) to this genetic pressure is the difference between the offspring of
the selected parents and the whole of the parental generation . Owing to the
mentioned sex difference, the calculation was done, at each generation, by
converting female values into male equivalents, i.e ., by substracting the sex
difference found in the generation . The value of h2 has been calculated for the
KTH and KTL lines separately as well as from the interline divergence . In Fig . 3
are represented the cumulated values of R and S for the interline divergence
throughout the selective breeding . The heritability of the character is definite but
it is not very high (h 2 = 12% f 1) . Therefore, the 88% of the phenotypic variance
are due to both non additive genetic and environmental variances . The rise of R
seems to be rather constant throughout the selection . From this, it would appear
that the maximal interline separation was not yet obtained after 26 generations
of selective breeding . Consequently, F,, populations cannot be considered as
0 5 10 15 20 25 30 Generations
FIG. 3 .
￿
Calculation of heritability (h,) . Cumulated values of selection differential (S) and of
response to selection (R) calculated from interline divergence throughout the selective
breeding .312
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completely homozygous for the character investigated and the selective breed-
ing will be continued .
In Fig . 4 A, the interline divergence is represented by plotting the response to
selection R against the cumulative selection differential S . In the same way, in
Fig. 4 B are shown the slopes representing the h, calculated separately for each
line . From the data of Fig. 4 B, it is obvious that the response to selection is
asymmetrical . The decrease of responsiveness in KTL line occurs slightly faster
than the increase of responsiveness in theKTH line . This is reflected by the value
of h, which is respectively of 15% t 3 and 8% f 3 .
ESTIMATION OF THE NUMBER OF INDEPENDENTLY SEGREGATING LOCI DETERMINING
THE CHARACTER: RESPONSIVENESS OF MACROPHAGE TO TRIOLEIN . According to
Falconer, an approximate evaluation of the number of loci, determining a given
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Calculation of heritability (h,) . (A) Plot of cumulatedR against cumulated S from
interline divergence . (B) Slopes representing the h, value using the same plot from theKTH
andKTL values separately .
polygenic trait, may be proposed from the formula previously mentioned in
Material and Methods (25) .
The number of loci, resulting from this calculation, depends on the value of h,
considered ; it is of 27 when h, is calculated from the interline divergence (Fig .
4 A) and of 39 and 22 when h, is calculated respectively inKTH and KTL lines
separately (Fig . 4 B) .
On the basis of these data, it may be advanced that the character "responsive-
ness of RE macrophages to stimulatory effect of triolein" is a polygenic trait
determined by the cumulative action of a group of about 27 independent loci
(extreme values : 22-39 loci) .
DISTRIBUTION OF MACROPHAGE RESPONSIVENESS TO TRIOLEIN IN INTERLINE
CROSSES.
￿
The values of the phagocytic index K, established 48 h after triolein
h 2 = 8°/0
KTH
TL h,=15%injection in (KTH x KTL)F,, in F2 and in backcross (KTH x F1) and (KTL x
F,), are represented in Fig . 5 . In all experiments an equivalent number of recipro-
cal crosses were made ; the results being not significantly different, all the data
were cumulated . These interline crosses have been obtained from the F2B gen-
eration of selective breeding. As it may be observed in Fig . 2, this generation
gives a rather bad response in both lines, particularly in KTL as compared with
the preceding generation F, Since these are impredictable fluctuations of re-
sponsiveness in subsequent generations, the values of K, established in both F25
and F26 are represented in Fig . 5 . The mean values F25-F26 were considered as
the best estimation of KTH and KTL values (see Fig . 2) . The data of Fig . 5 in-
dicate that in both sexes the responsiveness of F, hybrids is close to that of KTL
mice . F, hybrids show the usual sex effect . TheK value of (F, x KTL) back-
cross is also similar to that of the low responder line while (F, x KTH) backcross
MOUTON ET AL .
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TL)
FIG. 5 .
￿
Distribution oflog n (K x 1,000) values in interline crosses . Approximately 20-40 mice
in each group . Starred points indicate the theoretically expected values in absence of
dominance .
are intermediate between high and low responders . The comparison of the dis-
tribution of interline crosses with the expected values in absence of dominance
(indicated in Fig . 5) suggests a global dominance effect of low responsiveness in
interline crosses . The degree of this dominance effect may be evaluated by
comparing the mean of values obtained in F, mice with both parental lines
according to the formula presented in Material and Methods. The maximal
theoretical value of VD/VA, in absence of overdominance, is 0 .5 . From our data,
this ratio is 0.34 in males and 0.38 in females . The dominance effect is therefore
incomplete, as also suggested by the results obtained in F2 and backcrosses .
Study of the Macrophage Stimulation Produced by Triolein inKTHand KTL
Lines . The above-stated results demonstrate that macrophage responsiveness
to triolein is determined by a group of about 27 loci which can be separated by
selective breeding . To study whether these loci are also involved in the regulation
of the basic phagocytic function of RE macrophages in non-triolein-stimulated
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mice, the value of K was measured in KTH and KTL untreated mice of the 9th
and 27th generations of selective breeding. The results obtained are represented
in Table II where the K value of random bred albinos mice is also reported for
comparison.
In KTH males, the basic phagocytic activity of macrophages was not
significantly affected by selective breeding. However, in KTH females ofthe 27th
generation, a high value_ of K is observed. The effect of the selective breeding on
the basic phagocytic function of RE macrophages appears more clearly in the
KTL mice of the 27th generation, which show a low value of K in both males and
females. This effect might result from modifications in responsiveness of KTH
and KTL macrophages to stimulatory lipids contained in food. A more detailed
study of the phagocytic activity of RE macrophages in F,. KTH and KTL mice,
48 h after triolein injection, is reported in Table III.
The responsiveness of the selected mice to triolein is compared with that of
conventional random bred albinos mice . The phagocytic activity is expressed by
the index K which measures the total activity of macrophages bordering the
blood stream, and by the corrected phagocytic index a which expresses this
TABLE II
Basic Phagocytic Activity of RE Macrophages in Unstimulated Mice
The figures in brackets indicate the number of mice in each group.
TABLE III
Phagocytic Activity of Macrophages, Measured 48 h after Triolein Administration, in
Random Bred and F., KTH and KTL Mice
Mouse strain Sex Nb of
mice
K W/Wls a Liver
mg/20 g
Spleen
mg/20 g
Random bred 3 10 0.075 16.8 7.1 1,100 f 70 90-+ 30
albinos 9 10 0.090 17 7.6 1,080 80 100 t 40
KTH F g 21 0.105 19.5 9.2 940 f 95 87 f 19
2 19 0.130 18.4 9.3 967 104 118 t 21
KTL F 3 18 0.006 22.4 4.1 840 66 51 t 19
p 20 0.010 20.7 4 .4 880 f 50 86 f 35
Mice
Phagocytic
3
index K
4
KTH
F, 0.017 t 0.005 (12) 0.024 t 0.005 (8)
F27 0.021 t 0.010 (5) 0.037 0.005 (7)
KTL
F, 0.014 =L 0.004 (10) 0.017 f 0.004 (7)
F27 0.009 f 0.001 (5) 0.011 t 0.002 (5)
Random bred 0.018 f 0.007 (10) 0.020 t 0.008 (10)MOUTON ET AL.
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activity per unit of weight of liver and spleen . The macrophages contained in
these organs are responsible for about 95% of the total activity measured (13).
Responsiveness of macrophages to triolein has been substantially modified by
selective breeding. Both K and a values are higher in KTH FZe than in random
bred albinos mice. The selection for low responsiveness is still more effective. In
fact, KTL F,e mice are completely unresponsive to triolein.
The values of index a indicate that the difference in responsiveness to triolein
in KTH and KTL mice is mainly due to intrinsic modifications ofthe phagocytic
activity ofliver and spleen macrophages withoutimportantchanges in the weight
of these organs. Nevertheless, a significant loss in organ weight is observed in
KTL mice.
Previous studies on macrophage stimulation produced by triolein in random
bred albinos mice showed that the peak of the response occurred 48 h after a sin-
gle injection and that repeated injections produced a higher macrophage stimula-
tion (22). The kinetics of macrophage stimulation, produced by a single injection
of triolein in KTH F,s and KTL F,9, is represented in Fig. 6 A. In spite of the
stronger effect in KTH mice, the dynamics of the response was not modified, the
peak is reached at 48 h. In contrast, the very low response ofKTL mice tends to
increase until the 4th day. Three injections oftriolein induced a stronger response
in both Fa, KTH and KTL mice but the interline difference persists (Fig. 6 B).
These results demonstrate that the genetic constitution of KTH and KTL mice
regulates the responsiveness to triolein, independentlyofthe dose administered .
Discussion
The phagocytic activity of macrophages is remarkably constant in physiological
conditions. Nevertheless, stimulation or depression of this activity can be easily
induced experimentally (20). These modifications reflect the high functional
plasticity ofthese cells thathave to cope with various environmental challenges.
The most potent stimulants of RE macrophages are certain bacteria or
bacterial products (4, 10, 28) and lipid emulsions such as triolein . It must be
pointed out that there exists a sharp difference between these two classes of
stimulants. The effect of bacteria is a complex one, which involves, besides
FIG. 6.
￿
Kinetics of phagocytic index K stimulation after: (A), a single injection and (B),
three injections of triolein in KTH and KTL mice.
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macrophages, other cell types, namely, lymphocytes . Important modifications of
the weight and histological structure of liver and spleen are produced (19, 29) . At
the level of macrophages, the effect of bacteria is also complex. Both phagocytic
function and intracellular enzymes, responsible for the bactericidal effect, are
modified . On the contrary, macrophage stimulation, induced by triolein, seems
to be limited to both number and phagocytic function of macrophages (22)
without important histological changes in the liver and spleen (29) .
The action of lipid emulsions on the phagocytic activity of RE macrophages is
strictly connected with the chemical structure of the lipids administered . Some
lipids strongly stimulate the macrophages while others provoke a deep depression
of their phagocytic activity . It was initially demonstrated that glyceryl trioleate
is a potent stimulator while glyceryl mono-oleate is inactive . On the other hand,
both ethyl stearate and ethyl oleate are depressors of macrophage phagocytosis,
the effect of the former being much stronger than the later's one (21, 22) .
Consecutive studies demonstrated that the maximal stimulation of macro-
phages was produced by insaturated triglycerides with a fatty chain length of 10
carbons (Tricaprin) . When the fatty acid length is increased or decreased, a
reduction in stimulatory activity occurs (30) . Amongthe lipids, which drastically
depress the macrophage phagocytosis, we find : ethyl stearate, cholesterol oleate,
ethyl and methyl palmitate, and ethyl oleate (21, 31-33) .
It is relevant to notice that the different fatty acids are normal constituents of
the diet and that they may enter the portal circulation under the form of
chylomicra resembling the lipid emulsions used in the above-mentioned studies .
It was previously shown that chylomicra, with a high cholesterol content, are
efficiently phagocytized by RE macrophages (11) . The role played by the various
food lipids in the regulation of the macrophages physiological activity should be
specified but it would seem they are likely to intervene . The modifications in the
basic phagocytic activity of macrophages produced by selective breeding (Table
11) are in favor of this hypothesis . Experiments are in progress to investigate
whether the same genes, controlling responsiveness to triolein inKTH and KTL
mice, are also involved in the regulation of the depressory effect produced by the
alkyl esters of fatty acids . The genetic regulation of macrophage responsiveness
to triolein might suggest that an inherited factor intervenes in the familiar
manifestations of altered metabolism of lipids and cholesterol (34) associated
with certain types of cardiovascular diseases .
The genetic factors controlling the activity of macrophages in relation with
immune responsiveness have recently been demonstrated . Two lines ofmice have
been separated by selective breeding for high and low antibody synthesis . In
these mice, only selected for the character "antibody production", the metabo-
lism and processing of the antigen in the spleen macrophages have been
drastically modified . The antigen persists in immunogenic form much longer in
the macrophages of the high than in those of the low antibody producers (3, 35) .
The relationships of the genes determining the responsiveness of macrophages to
triolein and those regulating the antigen metabolism in high and low immunore-
sponder mice are unknown . Studies on this problem are in progress .
The findings on genetic selection for responsiveness of RE macrophages toMOUTON ET AL .
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triolein, here-reported, deserve some comments . The control of this trait is
polygenic as demonstrated by the continuous variations of the K values in the
foundation population and by the progressive interline separation observed
during 26 generations of selective breeding . The sex effect, resulting in the higher
responsiveness to triolein in the females, may be related to the previously
demonstrated stimulatory effect of estrogens on the phagocytic activity of RE
macrophages (23, 24) . In fact, there is no significant sex difference in the basic
macrophage activity in physiological conditions but macrophage responsiveness
to various stimulants is often stronger in females than in males . In previous
experiments, it was shown that the administration of living M. tuberculosis
(BCG strain) produced an increase of K value higher in females than in males;
estrogen-treated males, however, responded as well as females (36) .
The reason for the parallel fluctuations of responsiveness to triolein, observed
in bothKTH andKTL mice during the selective breeding, is not clear (Fig . 2) . It
might come from seasonal variations in themacrophage activity or from different
stimulatory efficiencies of lipid emulsions preparations due to small differences
in the dispersion of lipid droplets in the medium .
From Fig. 4 B and Table 1, it is evident that the effect of selective breeding is
asymmetrical . It is more efficient in decreasing than increasing responsiveness .
This asymmetry is reflected in the value of heritability which is of8% t 3 inKTH
and 15% ziz 3 in KTL; this difference is significant . The different factors
accounting for asymmetrical response to selection are discussed in details by
Falconer (25) .
The findings reported in Fig . 5 suggest an incomplete dominance effect oflow
responsiveness . Usually, in the case of polygenic inheritance the F, hybrids show
a mid-parental distribution . However, many examples ofdominance or overdom-
inance have been reported . For instance, in the polygenic regulation of mice
resistance to Salmonella typhimurium infection, the resistance is dominant in F,
hybrids between a resistant and a susceptible strain (37) . In lines of mice selected
for high and low leukocyte counts, the genes associated with lowleukocyte counts
are dominant (38) . In the genetic regulation of functional traits, the intensity of
the stimulation may be determinant in the manifestation of dominance. High
and low agglutinin production in mice immunized with sheep erythrocytes is a
polygenic character determined by the interaction of a group of about 10
independent loci . In F, hybrids immunized with an optimal dose of antigen, high
responsiveness is dominant, while low responsiveness is dominant when the
hybrids are immunized with a threshold dose of antigen (39) . In the present
study, the distribution of F, in relation to the parental lines may also result from
epistatic interaction between loci present at low frequency in the foundation
population .
The heritability of the character investigated is relatively low (h, = 12% ZE 1)
but is well defined, since it is established from the data of 26 generations. The
accuracy of the h, estimation is demonstrated by the small value of the standard
deviations . Comparable values of h, have been reported in the literature for
different polygenic characters such as : litter size in the mouse (h, = 15%) (27),
age at puberty in female rats (h, = 15%) (40), viability in poultry (h, = 10%) (41) .318
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The low value of heritability indicates that environmental factors account for a
large proportion of the phenotypic variation. In spite of this, the interline
separation was achieved, as demonstrated by the statistical analysis reported in
Table I where the total range of interline separation was compared with the
characteristics of the foundation population in the way proposed by Falconer
(25) . The success of the selective breeding for a character of such a low
heritability means that the index K is an extremely precise measure of the
phagocytic activity of RE macrophages. The character "responsiveness to
triolein" is determined by the cumulative effect of a relatively large number
(22-39) of independent loci. This explains why the variances of interline crosses
(Fig. 5) differ from the theoretically expected ones, namely the abnormal low
value of variance of F2. A larger number of animals should be tested to find out
the extreme phenotypes. Thus, the calculation of heritability from variance
analysis in interline crosses would not be valid if done from the data presently
available.
It should be reminded that the calculation of the number of independent loci,
controlling the character investigated, is approximate and submitted to all the
limitations of the method used . In the Falconer's experiment of genetic selection
for "6 wk body weight in the mouse", the number of loci involved was estimated
at about 35. It is of some interest to remark that our model of genetic selection for
macrophage responsiveness to triolein is similar to the Falconer's model of
selection for "6 wk body weight in the mouse" . The efficiency of interline
separation, the realized heritability and the number of independent loci involved
are of the same order of magnitude in both cases.
Summary
The phagocytic index K, established from the rate of blood clearance of colloidal
carbon, measures the phagocytic activity of RE macrophages in contact with the
circulating blood.
The intravenous injection of glyceryl trioleate (triolein) produces a marked
stimulation of the phagocytic activity of RE macrophages. This response is
higher in the female than in the male mice.
The phenotypic character "responsiveness of macrophage to triolein" presents
large individual variations in population of random bred albinos mice . This
character is submitted to polygenic regulation.
Starting from a foundation population of 25 males and 25 females random bred
albinos mice, two lines were separated by selective breeding for the character
"responsiveness to triolein"; a "high" responder line, KTH, and a "low"
responder line, KTL. After 26 consecutive generations of selective breeding, KTH
mice present a very high response to triolein while KTL mice are almost
irresponsive.
The heritability of this character (h 2) calculated from the interline divergence
is of 12% + 1. This value of h2 indicates that the character investigated is
determined by the cumulative effect of a group of about 27 independently
segregating loci.The distribution of the character in (KTH x KTL)F1 and their backcrosses
with parental lines suggests that low responsiveness is dominant over high
responsiveness . The genetic regulation of responsiveness to triolein is independ-
ent from the dose administered . These results are discussed in relation to the
importance of genetic factors controlling macrophage functions involved in lipid
metabolism and in the specific and nonspecific mechanisms of immunity .
Received for publication 13 May 1974 .
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